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INTRODUCTION 

B ’  

- The subject contract  was in i t i a t ed  by the Manned Spacecraft 

Center of NASA a s  pa r t  of i t s  airborne e f f o r t  i n  t h e  Earth 

Resources Program. The radiometer resul t ing from t h i s  contract 

w i l l  be flown over land and water i n  conjunction w i t h  a spectro 

radiometer and a visual  mapper and ultimately with other i n s t r u -  

ments such as microwave equipment. 

The required hardware consists of the radiometer proper and a 

blackbody, which i s  used a s  a calibration standard for  the radio- 

meter. 

NOTE: N o  f l i g h t  data i s  presented i n  t h i s  report ,  a s  the i n s t r u -  

ment has not been airborne yet a t  the  time of w r i t i n g  of 

t h i s  report .  
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REQUIREMENTS 

Cal ib ra t ion  Blackbody 

The blackbody, se rv ing  a s  the c a l i b r a t i o n  s tandard  f o r  the 

radiometer ,  was requi red  t o  be an a c c u r a t e ,  p r e c i s e  and s t a b l e  

source f r o m  which t h e  emi t t ed  energy would follow P l a n c k ' s  

r a d i a t i o n  law a s  c l o s e l y  a s  p o s s i b l e ,  i . e .  an i d e a l  blackbody 

r a d i a t o r .  The c o n t r a c t u a l  requirement was f o r  a blackbody w i t h  a 

c o n t r o l a b l e  thermal range between 0 and +7loC t o  a p r e c i s i o n  of 

- +o .2 OC. 

Radiometer 

A p r e c i s i o n  radiometer was r equ i r ed  measuring the i n t e n s i t y  

of energy i n  a wavelength region between 9 . 9  and 1 2 . 5  microns i n  a 

24 arc-minutes f i e l d  of view. The range of energy l e v e l s  t o  be 

measured was between -40 and +7OoC blackbody r a d i a t i o n  t o  an 

accuracy of 0.5OC blackbody r a d i a t i o n  and a p r e c i s i o n  of 0.l"C. 

DESIGN 

C a l i b r a t i o n  Blackbody 

The conf igura t ion  of t h e  c a v i t y  is a s i m p l e  cone. The 

m a t e r i a l  i s  e l e c t r o  depos i ted  copper and t h e  o u t s i d e  i s  machined 

t o  a cone wi th  an apex which i s  s l i g h t l y  l a r g e r  than t h a t  of the 

c a v i t y ,  such t h a t  t h e  h e a t  t r a n s f e r  func t ion  from t h e  o u t s i d e  of 

t h e  copper cone t o  t h e  c a v i t y  wal l  i s  cons t an t  over  t h e  1ength.of  

t h e  c a v i t y .  The o u t s i d e  of t he  copper cone i s  hea ted  uniformly 

wi th  r e s p e c t  t o  t h e  a r e a  over i t s  e n t i r e  s u r f a c e .  A c a l i b r a t e d  

p r e c i s i o n  platinum resis tor  i s  i n s t a l l e d  c l o s e  t o  the  su r face  of 

t h e  c a v i t y .  This su r face  i s  pa in ted  with 3M v e l v e t  b l a c k .  The  

h e a t e r - c a v i t y  u n i t  i s  supported s o l e l y  by r i g i d  foam, so  t h a t  

m i n i m u m  heatf low - minimum power consumption - and absence of 
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l o c a l  h e a t  d r a i n  a r e a s  a r e  achieved,  

The temperature s e n s i n g  r e s i s t o r  - a s  w e l l  as t he  temperature 

c o n t r o l l i n g  resistor - are each one l e g  of a b r idge  which i s  p a r t  

of  a zero error f i r s t  order servo system. When a d i f f e r e n c e  i n  

r e s i s t a n c e  va lues  e x i s t s  between t h e  sensor  and t h e  c o n t r o l l e r ,  

r ep resen t ing  a d i f f e r e n c e  i n  temperature s e t t i n g  and cone temper- 

a t u r e ,  an e r r o r  vo l t age  i s  genera ted ,  T h i s  e r r o r  vo l t age  i s  

ampl i f ied  by a low d r i f t  ope ra t iona l  a m p l i f i e r  and a n  i n t e g r a t e d  

c i r c u i t  a m p l i f i e r .  The gain of both a m p l i f i e r s  i s  determined by 

e x t e r n a l  pas s ive  components. The ampl i f ied  error vo l t age  i s  now 

a p p l i e d  t o  the  h e a t e r  d r i v e  ampl i f i e r  so t h a t  t h e  power d i s s i p a t e d  

i n  t h e  h e a t e r  i s  p ropor t iona l  t o  the  temperature e r r o r .  

The  cal ibrat ion blackbody is a l s o  provided w i t h  a v a r i a b l e  

speed chopper wheel,  the conf igura t ion  of which i s  such t h a t  a one 

inch  diameter  beam i s  chopped s i n u s o i d a l l y .  The frequency i s  

v a r i a b l e  between 0 and 1 2 0  Hz. 

Radiometer 

The radiometer c o n s i s t s  of two u n i t s :  an  o p t i c a l  head and a 

power, c o n t r o l  and d i s p l a y  u n i t .  

Op t i ca l  Sys tem 

The radiometer c o l l e c t i n g  o p t i c a l  element i s  a f/2 germanium 

l e n s  one inch i n  diameter .  The t a r g e t  energy, a f t e r  passing a 

chopper wheel and s p e c t r a l  f i l t e r ,  i s  focussed by t h i s  l e n s  on t o  

a Ge*Hg d e t e c t o r ,  which is cooled t o  LHe temperature .  The detector 

being i n  t h e  f o c a l  p lane  of the l e n s  t h e  f i e l d  of view i s  equal  t o  

= 6 . 9  mradian = 2 4 '  - .0138" - d e t e c t o r  s i z e  
f .1. 2 'I 

The l e n s  a l so  focusses  energy from a r e fe rence  source onto t h e  

d e t e c t o r .  This occurs  via r e f l e c t i o n  o f f  t h e  chopper wheel when 
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it is  i n  a p o s i t i o n  where t h e  t a r g e t  energy beam i s  being b l inded  

(see f i g u r e  1). The r e fe rence  source  i s  b u i l t  i d e n t i c a l  t o  t h e  

c a l i b r a t i o n  blackbody, The detector then  views t h e  t a r g e t  and 

t h e  r e f e r e n c e  source  a l t e r n a t e l y ,  a f e a t u r e  which i s  u t i l i z e d  i n  

t h e  s i g n a l  process ing  des ign  of t h e  e l e c t r o n i c  system. 

Instrument  S e n s i t i v i t y  

The avai lable  energy from a 237°K blackbody i s  computed 

according t o  

0 

which y i e l d ,  u t i l i z i n g  t h e  Thornton r a d i a t i o n  s l i d e r u l e  

1.66 x lom2 x 1 (2.25 x 10-1 - 1 . 2 5 ' ~  10  -1 ) N =  
h 7r 

-4 2 
= 5.3  x 1 0  w/cm /ster 

The change i n  emit ted blackbody energy due t o  a temperature  change 

of 0 . 1 " C  i s  0.15%, so t h a t :  

2 m = 7 . 9  x w/cm /ster 
I l - 2  

The NE1 of the system fo l lows  from 

1 1 

(Aa x f)? 
D * x A  x a x q  

{f x (3.5 x 10-2)2 x 250tZ 
- N E 1  = - 

5 x 1 0  x 4.65 x 3.85 x x 7 x 10-1 C 

-8 2 
= 7 . 8  x 10  w/cm /ster 
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T h e  s i g n a l  t o  no i se  r a t io  

t a r g e t  temperature change 

7 . 9  x lo- '  S /N = 
7 . 8  x 

This  S/N i n d i c a t e s  t h a t  

of t h e  system r e s u l t i n g  from a 0 . l o C  

is then 

= 1 0  

t h e  s y s t e m  w i l l  be a b l e  t o  d i s t i n g u i s h  

between blackbody t a r g e t s  which a r e  a t  less than 0 . l o C  d i f f e r e n c e  

i n  temperature .  

E lec t ron ic  C i r c u i t r y  

The c u r r e n t  from t h e  Ge-Hg d e t e c t o r  ( see  f i g u r e  2 )  i s  f i r s t  

ampl i f ied  ( t h e  t r a n s r e s i s t a n c e  of the  p reampl i f i e r  i s  10  megohms) 

t o  make t h e  s i g n a l  immune t o  noise  pickup w h i l e  it i s  conducted t o  

t h e  c o n t r o l  u n i t .  A highpass  f i l t e r  then e l imina te s  t he  t a r g e t  

f l u c t u a t i o n s  a f t e r  which t h e  s igna l  i s  ampl i f ied  30 t i m e s .  The 

chopper frequency i s  then t r a n s l a t e d  back t o  zero  i n  t h e  synchronous 

demodulator.  

and a d e t e c t o r  a t  t h e  o p t i c a l  a x i s  of t h e  t a r g e t  beam and perpen- 

d i c u l a r  t o  t h e  chopper wheel.  

spur ious  f requencies  above 250 Hz and f i n a l l y  t h e  output  a m p l i f i e r  

gene ra t e s  t h e  o f f s e t  vo l t age ,  so t h a t  bo th  nega t ive  and p o s i t i v e  

d a t a  information i s  displayed a s  a p o s i t i v e  vo l t age  (between 0 and 

5 v o l t s ) .  

DC vo l t age  which r ep resen t s  t h e  abso lu t e  summation of the  d e t e c t o r  

s i g n a l s  due t o  a l t e r n a t e l y  t h e  t a r g e t  and reference radiances:  

The chopping func t ion  i s  generated by a l ightbeam 

A lowpass f i l t e r  then removes a l l  

The da ta  information i s  given i n  t h e  form of an anal02 

The temperature c o n t r o l  of t h e  reference source i s  i d e n t i c a l  

t o  t h a t  of  t h e  c a l i b r a t i o n  blackbody. 

The func t iona l  thermal dynamic range of t h e  instrument  i s  -40 

t o  +7OoC.  

v o l t a g e .  The i r r a d i a n c e  l e v e l  i s  compared w i t h  t h e  reference 

source energy l e v e l  and t h e  d i f f e rence  of t h e  two i s  given a s  an 

However, the i r r ad iance  i s  no t  displayed a s  an analog 
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analog v o l t a g e .  The r e fe rence  source rad iance  l e v e l  i s  v a r i a b l e  

according t o  t h e  v a r i a t i o n  i n  temperature of t h e  blackbody 0 t o  

+6OoC. 

i s  set  by the following l i m i t s :  t a r g e t  -4O/reference +6OoC -- 
AT = + l O O ° C ,  t a r g e t  +70/reference O°C -- AT = -70°C; maximum 

o p e r a t i o n a l  thermal dynamic range: 170OC. S e l e c t i n g  t h i s  range 

would impose a severe  s t r a i n  on d a t a  record ing ,  t h e  r e s o l u t i o n  

would have t o  be 

t a r g e t  tempera ture) .  

t h e  smallest p o s s i b l e  ope ra t iona l  thermal dynamic range has  been 

se l ec t ed :  AT = 5OoC; t h e  l i m i t s  are: t a r g e t  -4O/reference 0°C 

-- AT = +4OoC ( the + s i g n  denotes t h a t  t h e  reference temperature 

i s  h igher  than the  t a r g e t  temperature) and t a r g e t  +70/reference 

+6OoC -- AT = -10°C. The da ta  now x ~ s t  be re so lvab le  t o  

T h e  maximum ta rge t / r e fe rence  d i f f e r e n t i a l  temperature range 

5000 mvolt 
2 x 1700 = 1.4  mv average (1 .0  mv @ l o w e s t  

For reasons of convenience i n  da ta  recording 

r 

= 5 mv. As t h e  vol tage  ou tpu t  i s  no t  allowed t o  be 
5000 

* 2 x 500 
nega t ive ,  zero  AT energy level i s  analog t o  an  o f f se t  vo l t age  of 

+0.970 v ,  whi le  a p o s i t i v e  AT w i l l  y i e l d  an ou tpu t  vo l t age  between 

+0.970 and +5 v ,  and a negat ive  AT w i l l  y i e l d  an output  vo l t age  

between 0 and +0.970 v .  

v o l t a g e s  above 5 v and negat ive va lues  r e s p e c t i v e l y .  

Larger AT extremes w i l l  y i e l d  output  

The temperature of t h e  re ference  source i s  a l s o  given as  an 

ana log  vo l t age  between 0 and A5 v,  so t h a t  t h e  i r r a d i a n c e  channel 

ou tpu t  vo l t age  can be i n t e r p r e t e d .  Both t h e s e  channels are  a l s o  

d i sp layed  i n  a course manner on meters whi le  t h e  r e fe rence  source 

temperature  i s  displayed t o  a f i n e  s c a l e  as  w e l l  ( u t i l i z i n g  a 

n u l l i n g  m e t e r  and a potent iometer  w i t h  d i g i t a l  r e a d o u t ) .  

FABRICATION 

C a l i b r a t i o n  Blackbody 

The f a b r i c a t i o n  of t h e  c a l i b r a t i o n  blackbody was uneventful ,  

and t h e  u n i t  was de l ive red  and accepted a t  t h r e e  and one h a l f  months 
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in the program 

Radiometer 

The properties of the Ge.Hg detector are given in table 1, 

the transmittances of the optical filter and lens are given in 

figure 3 and 4. The lens was provided with an antireflection 

coating, peaking at 10.5 micron (note that figure 4 represents the 

relative transmittance). 

The optical processing subassembly was suspended in a 

support structure by means of eight multiplane vibration isolators. 

The resonance frequency was 11 Hz, and the coupling factor was 

such that the subassembly was subjected to no more than 2 g's at 

any point of the specified vibration spectrum (after delivery to 

NASA the suspension system was modified such that the optical 

e processing subassembly is rigidly fastened to the support structure). 

Some difficulties were experienced with the LHe dewar: at 

receipt by Block the spider suspension system was loose and the 

window coating was damaged. The spider was tightened and the 

window was replaced by Santa Barbara Research. However, a little 

later in the program, the window coating on the outside peeled off 

almost over the entire surface. It was decided to accept the 

dewar with a window that was coated for antireflection on the 

inside only; this configuration even showed a slight gain in D*. 

The optical head was constructed such that its cover above the 

mounting flange is sealed against gas conductance. The boiling 

off helium gas will thus drive out and keep out any environmental 

air, preventing water condensation inside the optical head. This 

was borne out during a l l  of the temperature and pressure/tempera- 

ture environmental tests. It is to be noted that the optical head 

is not designed to operate properly when its inside is exposed to 

water condensate, a condition which will occur during certain 

environmental combinations when the "helium flush" system is not 
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func t ion ing .  

The f a b r i c a t i o n  of t h e  e l e c t r o n i c  system proceeded e n t i r e l y  

smoothly. During system i n t e g r a t i o n  no i se  problems due t o  c ros s -  

t a l k  w e r e  encountered, b u t  t hese  were a l l  e l imina ted .  

During a pre l iminary  checkout of t h e  system, wi th  t h e  r o t o r  

of t h e  chopper motor and chopper wheel no t  y e t  dynamically balanced,  

a l a r g e  n o i s e  l e v e l  was generated i n  t h e  d e t e c t o r  wi r ing  due t o  

microphonics.  This phenomenum w a s  completely absent  a f t e r  t h e  

chopper components had been  dynamically balanced.  

The instrument  was subjected t o  t h e  environmental  t e s t  program 

as d i c t a t e d  i n  t h e  c o n t r a c t ,  I n i t i a l l y  t h e  equipment d i d  n o t  m e e t  

t h e  R F I  t es t :  a t  c e r t a i n  f requencies ,  both conducted and r a d i a t e d  

i n t e r f e r e n c e ,  t h e  l e v e l s  were above t h e  s p e c i f i e d  l e v e l s .  The 

. conducted excess i n t e r f e r e n c e  was co r rec t ed  by modifying t h e  

f i l t e r  network immediately behind t h e  power inpu t  connector ,  whi le  

t h e  r a d i a t e d  excess  i n t e r f e r e n c e  w a s  t r a c e d  t o  a f a u l t y  connector 

of t h e  in te rconnec t ing  cab le .  Af t e r  t h e s e  c o r r e c t i o n s ,  t h e  

instrument  passed a l l  t es t s  i n  one run .  

RESULTS 

C a l i b r a t i o n  Blackbody 

The p r e c i s i o n  of t h e  c a l i b r a t i o n  blackbody proved t o  be 0 . 0 2 O C  

for  temperatures  wi th in  15OC of environment temperature and 0 . 0 8 O C  

a t  t h e  h i g h e s t  temperature (71OC). An i n v e s t i g a t i o n  of t h e  . 

r a d i a t i v e  p r o p e r t i e s  of t h e  blackbody was performed by t h e  Eppley 

Laboratory,  I n c .  A s  s t a t e d  i n  t h e  c a l i b r a t i o n  r e p o r t  (appendix A )  

t h e  "greyness" of t h e  blackbody i s  e x c e l l e n t  and it was a l so  found 

t h a t  t h e  l e v e l  of  emission i s  between 0.4% and 0.7% of t h e  

t h e o r e t i c a l  v a l u e s .  I n  add i t ion  then  t o  t h e  very good r a d i a t i v e  

p r o p e r t i e s  of t h e  c a v i t y ,  t h e  temperature c o n t r o l  and d i s p l a y  of 
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t h e  c a v i t y  i s  h igh ly  a c c u r a t e .  I t  i s  f e l t  t h a t  a r e l i a b l e  

s tandard  f o r  t h e  radiometer has been obta ined .  

Radiometer 

The thermal dynamic range (-40 t o  +7OoC)  of t h e  instrument  

was demonstrated as w e l l  as i t s  thermal r e s o l u t i o n  of 0 . l o C  over 

t h e  e n t i r e  range .  

10°C of t h e  t a r g e t  temperature,  t h e  thermal r e s o l u t i o n  i s  i n  f a c t  

0.03OC. 

s t r i c t l y  necessary S/N of 10  ( f o r  AT = 0.1OC) and a h igher  i n s t r u -  

ment e f f i c i e n c y  a s  was i n i t i a l l y  e s t ima ted .  The f i e l d  of view was 

measured t o  be 24.5 t o  2 7  arc-minutes.  

t o  t h e  c a l i b r a t i o n  blackbody, was found t o  be between 0 . 1  and 0.4OC. 

When t h e  re ference  source temperature i s  w i t h i n  

This  is apparent ly  p o s s i b l e  due t o  t h e  h igher  than 

The accuracy,  a s  re ferenced  
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THE EPPLEY LABORATORY, INC. 

SCIENTIFIC INSTRUMENTS 
NEWPORT, R.l.02840 U.S.A. 

CALIBRATION OF BLACKBODY 
P . N .  950068 

Calibration of the blackbody, submitted by Block Engineering, Inc. 
under P .O . 749 55-8462, was achieved by measuring the source irradiance 
at three fixed distances and at three dial (temperature) settings. The pur- 
pose of the calibration was to deter.mine the accuracy of the dial settings 
in ter-ms of radiative output and assign radiance values to the source at 
three temperatures.  From the dial calibrztion chart temperatures of 40 "C, 
55°C and 70°C were selected. 

The radiation detector employed in the measurements was a thermo- 
pile-type working standard, No. 3317, -manufactured by the Eppley Laboratory. 
Its calibration is traceable to  the National Bureau of Standards through 
calibration against NBS standard lamp C-900. A sensitivity value of 0.121 
PV/PW has been assigned to this d-etector. The absolute accuracy of 
the thermopile calibration has an  uncertainty in ter.ms of a blackbody radiator 
of 2 to 3%. 

Table 1 gives the observed thermopile values at  three dial settings 
and three distances between the thermopile receiver and the base of the 
conical blackbody. 

TABLE 1. 

R D t EMF 

17.9 ern 57 5 
784 
989 

22.6 57 5 
784 
989 

27.6 784 
989 

40 "C 
55" 
70" 
40 " 
55" 
70 " 
55" 
70 " 

1 2 . 9 ~ ~  
25.9 
41.2 
8.1 

16 .O 
25.1 
10.3 
16.5 

R - distance between thermopile receiver and source 
D - dial setting of controller 

Y-J c4 :: I i- .- !-J :'-' 
I LL-. 
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Table 2 shows the ratio of emf values at two distances a i d  two 
dial settings. 

TABLE 2 

R =1 EMF1 D2 EMF2 EMFs/EMF-j 

17.9 cm 575 12.9pv 784 25.9pv 2.01 
22.6 57 5 8 . 1  784 16.0 1.97 
17.9 784 25.9 989 41.2 1.59 
22.6 784 16.0 989 25.1 1.57 
27.6 784 10.3 989 16.5 1.60 

In evaluating the radiadflux from a source operating at the above 
temperatures, a correction f o r  the shutter te.mperature (To) must be ap lied 

rat ios .  
Using a shutter temperature of 295°K (22"C), Table 3 gives the EMF/T $- To 4 

TABLE 3 

R D T TO T4-TO4 EMF EMF/T4-TO4 

17.9 em 575 3 13 29 5 2 . 0 ~  lo9 12.9 pv 6.45 x 15' 
784 3 28 4.0 25.9 6.47 
989 3 43 6.2 41.2 6.64 

22.6 57 5 3 13 29 5 2.0 8.1 4.05 
784 3 28 4.0 16.0 4.00 
989 343 6.2 25.1 4.05 

27.6 784 3 28 29 5 4.0 10.3 2.58 
989 3 43 6.2 16.5 2.66 

T - temperature (OK) from dial setting calibration chart 

To - shutter temperature (OK) 

The results in Tables 2 and 3 indicate the source is operating a s  an 
excellent gray body. As the calculated emissivity of the radiating cone is 
better than 0.99, the source is essentially a blackbody radiator within the few 
per cent uncertainty of the experiment. 

':; :- i-.f ; ' I-' 
1 +.Assigning a %diance value to  the blackbody required the determination 

of a geometry facto-r. This w a s  derived from the areas  of the radiating surfaces 
'2 i. I gL . ,* 

< I  ' C  
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(thermopile receiver and source), and when applied to the thermopile emf 
rneasuremeiits, gave values ?lose to those calculated from the blackbody 
equation W= G T4. 

F o r  the operating temperatures employed 

D t W 

57 5 40 "C 5.4 x 10-2 watts/cm2 
784 55 O 6.5 
989 70 O 7.7 

Alton R .  Kardli 
Senior Scient is t 

September 15, 1967 
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